UNCLASSIFIED

AD NUMBER

AD369433

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; JUN 1965. Other requests shall
be referred to Office, Chief of Research
and Development [Army], Washington, DC
20310.

AUTHORITY

30 Jun 1977, Group—-4, DoDD 5200.10; DAMA
ltr dtd 13 May 1975

THIS PAGE IS UNCLASSIFIED




UNCLASSIFIED

AD NUMBER

AD369433

CLASSIFICATION CHANGES

TO

confidential

FROM

secret

AUTHORITY

30 Jun 1968, Group—-4, DoDD 5200.10

THIS PAGE IS UNCLASSIFIED




THIS REPORT HAS BEEN DELIMITED
AND CLEARED FOR PUBLIC RELEASE
UNDER DOD DIRECTIVE 5200,20 AND
NO RESTRICTIONS ARE IMPOSED UPON
ITS USE AND DISCLOSURE,

DISTRIBUTION STATEMENT A

APPROVED FOR PUBLIC RELEBASE)
DISTRIBUTION UNLIMITED,



e

TR YT

SECURITY
MARKING

— " The classified or limited status of this roport applies
fo cach page, unless otherwise marked.
Separate page printcuts MUST be marked accerdingly.

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE_MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVELATION OF

{I% CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY

.

NOTICE: When government or other drawings, specifications or other
data are used for any purpose other than in connection with a defi-
nitely related government procurement operation, the U. S. Government
thereby incurs no responsibility, nor any obligation whatsoever; and
the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specificatioms, or other data is not
to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any rights
or permission to manufacture, use or sell any patented invention that
may in any way be related thereto.




i - RESEARCH
.~ ANALYSIS
Ml  corPoRraTION

Evaluation of the Main Gun
of the M60 Tank |
against Moving Ground Targets (U)




h SECRET

The comtents of RAC publications, including the conclusions
and recommendations, represent the views of RAC and should
not be considered as having official Department of the Arnwy
opproval, either expressodorimplied, until reviewed and eval-
vated by that ogency and subsequently endorsed.

This decurment containt information affecting the national
dofense of the United States within the meaning of the
Espicnage Laws, Tisle 18, U. S. C., Sections 793 and 794.
The transmission or the ravelaion of its contenis in any
menner %0 an unauthiorized person is prohibised by law.

s

f Seqiet




e

-

e

- e o B T e TR ¢ T i MR sk N s n | A - < A St e e it S e e e - - ~_r-mm:“.‘§*:"_‘m‘;‘3’;§‘-'

CT IR T
s .~ .
AS Lo Yaot Zu B ink 0 - !

T i ot w— ——.—

DEPARTMENT OF THE ARMY
OFFICE OF THE CHIEF OF RESEARCH AND DEVELOPMENMT
WASHINGTON, D.C. 20310

CRD/J L FPebruary 1966

SUBJECT: RAC-T-459, "Evaluation of the Main Gun of the M60 Tank against
Moving Ground Targets (U)"

70:

1. Transmitted herewith is (are) copy (copies) of
RAC-T-459, subject as above,

2, RAC-T-459 was prepared under contract DA~44-188-ARO~1 by the
Research Analysis Corporation, McLean, Virginia, in conjunction with the
study “Experimental Approaches for Small Units Engaged in Night Operxatioms.'

3. This publication documents an analysis of the empioyment of the
32in gun of the M60 Tank against moving ground targets. Data used was
derived from a live-fire experiment conducted at Ft, Stewart, Georgia,
during the period 25 June to 6 July 1963. The evaluation was undertaken
primarily tc obtain measures of hit probability as a function of amsuni-
tion muzzle velocity and to evaluate the desirability of altering lead
doctrine to recognize the significant changes in muzzle velocity. Since
the recommendations presented in RAC-T~459 are now included in substance
in M 17-12, distribution is being made for information only.

4, It is to be noted that the views presented in this publication
reyresent those of the Research Analysis Corporation and that it is not
an official Department of the Army publication.

FOR THE CHIEF OF RESEARCH AND DEVELOPMENT:

6%%?4ﬁ§ééh;;:
¥IERALD B.”

Incl

&s Colonel, GS

Chief, Human Factors and
Operations Research Divizion

LLINGER

This document containg information aifecting
ke naticnal deiense of the Usited Slates
within the meazing of the Cigienage Laws,
Tille 1%, V. S C. zecticnz 743 end 794,

Tue kens,isii.o or the rcveiaion of jls

—~ . ¢ totad

; Tawpadod UACASCITIES
contenis in ¢z, manner o an unauthorized s e e g o "‘:o“'d"‘ ,“ BT
. e . IR Y W I A Y e B AL R ;i H
person is prohibited by law. ..C‘ﬁ . WABa Guphinda e
) Al S ek e Claesificd 1.010SUTeS

BUTRD SRR mr e romne w0 - - -

atries

%
!
|
}
|
t

. - BT AR AP e

§rRn A o A A oo




SECRET

FIELD EXPERIMENTS DIVISION
TECHNICAL MEMORAMDUM RAC.T 459

Published June 1965

I DISTRIBUTION STATEMENT
In addition fo security requirements which mes be
et this document is subject to special export controls
sad esch travemsitisl {5 foreign g ve-nments or foreiga
pationals may be zxsde culy with price approval of
OMfice of the Chief of Research sad Drvelopment,
Hesdgusrters, Depactmient of the Army, Wiskington,
D. C. 20310

Evaiuation of the Main Gun
of the M60 Tank
against Moving Ground Targets (U)

by

Charles A. Bruce Jr.
Andrew J. Eckles 1ii
Stephen B. Formen

RESEARCH ANALYSIS CORPORATION

MCLEAN, VIRGINIA

‘ SECRET




SECRET

FOREWORD

This paper evaluates employment of the main gun
of the M60 tank against moving ground targets. The re-
suits are from a live-fire experiment conducted at Ft
Stewart, Georgiz, during the period 25 Jun—0 Jul 63.

Of chief interest are the hit probabilities against
moving targets of armor-piercing discarding-sabot and
training-practice rounds for the 105~-nmu main gun and
the accuracy and consistency of observer sensingsof fir-
ings of those ammuniticas. However, suck other inter-
mediate results as miss distance and lay error are also
reported because they support the results concerning hit
probability.

Richa-d E. Tilles
Chict, Field Experiments Division
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Problam

To determine the hit probabilities of the main gun of the M6C tark against
moving ground targets, »s aifected by (&) ammunition characteristics—partic-
uiarly muzzle velocity, (b)lead doctrine, (c)target speed, (d)target range, and
(e) direction of target movement.

Focis

To hit 2 moving target requires that the aiming point be selected with an
anticipation of target location at time of projectite impact. This requirement,
of aiming not where the target is but wiere the target will be, is called “Iecad.”
The Ionger the projectile flight time the greater is the difficulty of predicting
target behavior and future position. Experience has shown that with ammuni-
tions of muzzle velocities between 2000 to 3200 fps more first-round hits are ]
x olxained if the average gurmer applies the first-round lead of 5 mils specified :

by standard doctrine. Of course, well -trained gunners with an understanding
of ballistics vary their appiied Iead as 2 result of target behavior.

Because of increazsed muzzle velocities modern ammunition developnzents
have significantly decreased projectile flight time to the extent that lead doc-
trine deveiwped for lower-velocity ammurition may no Ionger be applicable.
Addttionally, range requirerents for these modern ammunitions have become

; so strirgent that average tank guntners cannot be provided with the experience
necessary to enable them to adjust their lead requirements as the significant
characteristics of the ammunition vary.

The present experiment was undertaken for two major purposes: (a) to
obtain measures of hit probebility (Py) as 2 function of ammunition muzzle ve-
locity and (b} to evaluate the efficacy of modernizing lead doctrine in conso-
rance with the significant changes in muzzle velocity.

n s St

[

Discussion

An experiment designea to explore the problem was conducted at Ft Stew-
. art, Ga., 25 Jumm—6 Jul 63. To determine the ability of a persor. on the ground
or in an adjacent lank tc sense main-gun rounds independently by optical aids
was a second objective of the experiment.

RAC-T-459 1
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Two types of 105-mm ammunition were tested: (a) training practice,
tracer (TP-T) with ballistic characteristics similar to high-explosive plastic
(HEP) with muzzle velocity of 2400 fps; and (b) armor-piercing discarding-
sabot tracer (APDS-T) with muzzle velocity of about 4800 fps.

Two alternative lead doctrines were considered during experimentation:
(a) standard doctrine, i.e., 5-mil first-round lead; and (b) modified doctrine,
i.e., instructions on leading moving targets and specific leads required, by tar-
get speeds and ranges.

This paper presents hit probabilities of the M60 tank main gun (105 mm)
against moving targets. In addition, measures of reliability and consistency of
observer sensing as a possible means of fire adjustment are given. The ex-
perimental data provide the factual basis of the report.

Effective fire on a target depends largely on three factors: time for fir-
ing, accuracy of fire, and lethality of fire. The results of this paper are ad-
dressed to the first twce factors—time for firing and accuracy of fire--with
major cmaphasis on the latter. The lethality of fire is not considered here.

The 105-mm APDS-T round (muzzle velocity, 4800 fps) of the main tank
gun has a high overall Py (0.39) against moving ground targets under the ex-
perimental conditions investigated. The observed hit probabilities of the M60
tank main gun using APDS-T ammunition against moving ground targets are
shown in Table 1. Too few target hits were obtained to permit the develop-
1.ent of a comparable tabular present2iion for 105-mm TP-T ammunition un-
der similar conditions.

TABLE 1
Py g's of Main Gun of the M60 Tank against Mov.ng Ground Targets

Factor Rounds Toeget p
investigated ficed hits HE

APDS-T Ammunition

Lead doctrine

Standard 46 14 0.30

Modified 47 22 0.47
Target speed

5 mph 32 17 0.53

10 and 15 mph 61 19 0.31
Target range R

Near {730 m) A7 22 0.47

Far (1650 m) 46 14 0.30
Direction of target movement

Left to right 47 24 0.51

Right to left 46 12 0.26
Overall 93 35 0.39

TP-T Ammunition®
Overall 95 2 0.02

8 Simulating HEP with muzzle +¢locity of 2400 fps.

2 RAC-T-459
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The vse of a modified lead doctrine specifying lead requirements accord-
ing to ammunition characteristics and estimated target speed and range has a
significant effect on obtained hit probabilities. With APDS ammunition, the
modified doctrir.e used inthis experiment resulted in approximately 50 percent
increasea hit probabilities over those obtained when the standard lead doctrine
was used.

Such other factors as target speed, target range, and direction of target
movement have significant effects on hit probabilities.

Although ammunitions with muzzle velocities in excess of 3200 fps are
extremely difficult or impossible to sense from the firing tank, sensings are
significantly increased by observation from the ground or adjacent vehicles.

Conclusions

1. Ammunition muzzle velocities have a significant effect on hit proba-
bility against moving targets.

2. Significant changes in ballistic characteristics (especially muzzle ve-
locities) require concomitant changes infire doctrine to capitalize on potential
increases in effectiveness.

3. Consideration of the factors of target speed, target range, and direc-
tion of target movement in the development of a modified lead doctrine will
result in significantly higher hit probabilities against moving targets.

4. The use of a “buddy system” of fire adjustment in the development of
fire doctrines can be expected to significantly increase subsequent-round hit
probability.

Recommend:tions

1. Given adequate terminal effectiveness, the ammunition with the high~
est muzzle velocity should te utilized against moving targets.

2. Modification of lead doctrine based on significant changes in ammuni-
tion characteristics should be constantly considered and adjusted to fully uti-~
lize the technical improvements of ammunition.

3. The development of a fire doctrine based on sensing of high-relocity
ammunition from the ground or adjacent vehicles should be considered to in-
crease subsequent-round hit probabilities.

RAC-T-459 3
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Batiery Commander

high-explosive antitank

high-exploesive plastic

experimental hit probability
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INTRODUCTION

Just as increased mobility is the present concept within all arms of the
US Army, it is expected that the potential enemy realizes that arms lose effec-
tiveness when employed against moving, as opposed to stationary, targets and
has emphasized movement to a large degree. Thus in a modern war, an in-
creasingly larger percentage of presented targets will be moving. The task of
hitting a moving target imposes more stringeat requirements on both the gunner
and the ammunition required. Recent developments in ammunition have re-
sulted in significant increases in muzzle velocities, which potentially ease the
gunner’s task and increase hit probabilities, especially against inoving targets.

This paper presents the resuits of an investigation of some of the m~jor
factors—primarily, increased muzzle velocities and changes in lead doctrine—
affecting hit probabilities against moving ground iargets.

BACKGROUND

RAC initially investigated the lead probiem in tank gunnery in July 1962
in Grafe:ch')hr, Germany, in conjunction withi an evaluation of a gun-camera
system.

In the field test five tank gunners, operating independently, were required
to simulate fire with an HEP round on crossing tanks moving at speeds between
10 and 30 mph at a range of 950 m. Since fire was simulated,’ no information
was available from burst on target or tracer to adjust the subseaient-round
lead.

The camera daia collected from experimentation with the 195-mm HEP
round showed that four of the five tank gunners tested did actually lead moving
targets relative to the apparent speed of the target although doctrine® prescribed
a single lead (5 mils) on all moving targets. Figure 1 shows the results of this
study.

It seemed to follow quite logically that the next step was to determine ex-
perimentally the hit probability of the M60 tank against controlled moving
targets with live fire, utilizing both high- and low-velocity ammunition and
operating both medified and standard lead doctrines.

Therefore in June-July 1965 a RAC team conducted the investigation of
lead described in this paper, based on a field experiment with the M60 tank
firing live ammunition against moving targets. The experiment was designed
to evaluate the effects of ammunition type, lead doctrine, and such important

RAC-T-459 1
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Fig. 1—Experimenta! Resslts, Five Gunners Lecding Moving Targets
Range, 950 m; simulated HEP ommunition.

target-behavior characteristics as speed, range, and directicn of movement
on hit probabilities.

Another factor that warranted investigation was sensing as a means of
fire adjustment. Sensing is accomplished by visually tracking the tracer ele-
ment of the round in relation to the target and/or observing the impact or burst.
The eifectiveness of sensing as a means of fire adjustment has beer unsatis-
factory with ammunition having muzzle velocities exceeding 5200 fps.

The section “Observer Sensing” is presented as a basic investigation of
the reliability and consistency of observer sensing as a means of fire adjust-
ment and eval:ates the ability of an observer adjacent to the firing tank to sense
accurately the rounds fired.

SCOPE

The results of this investigation provide not only experimentally derived
hit probabilities for low-velocity rounds (HEP, 2400 fps) and high-velocity
rounds (APDS, 4800 fps) but also, more importantly, information bearing on
the effects of the interactions among muzzle velocities, lead doctrines, and
target behavior on expected hit probabilities. These data emphasizo the im-
portance of reevaluating doctrine in the light of significant changes in relevant
weapons -performance characteristics.

The experimental factors tested in determining the hit probabilities
against moving targets of the M60 tank’s 105-mmm main gun can be outlined as
follows.

(a) Ammunition type: TP-T (simulated HEP), muzzle velocity 2400 fps;
APDS-T, muzzle velocity 4800 fps.

8 RAC-T-459
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(b) Lead doctrine: stand.rd’®; modified (see “ Field Experimert”)

(c) Target speed: S mph, 10 mph, and 15 mph.

(d) Target range (crossing): Near, 730 m; far, 1650 m.

(e) Direction of target movement: Left to right (L--R), right to left (L*+R).

Since the investigation was limited to consideration of the M60 tank 105~
mm gun against fixed-course crossing panel targets, the results are not in-
tended to be representative of the tactical or combat environment but are
intended to provide 'basic data pertaining to the problems associated with lead
ductrine for maving'targets in tank gunnery.

RAC-T-459 9




DESIGN

SECRET

FIELD EXPERIMENT

A factorial experiment was conducted in order to examine the important
interrelations of the independent variables tested. The factors of target range
and target speed were randomized to counterbalance learning effects. The plan
of the experiment is given in Fig. 2.

Ammun_tion
APDS-T TP-T
Lead Speed, Range, m
doctrine mph
130 (neor) | 1650 (for) | 730 (~=cr) | 1650 (for)
Direction of movement

L-—R ! L—R L=—R L—R

Standard 5 - - - -

10 - - - -

15 - - - -

VModified 5 - - - -

19 - - - -

15

PROCEDURE

Fig. 2—Experimenta!l Plan

The subjects consisted of eight tank gunners qualified on the M60 tank.
For the purpose of the experiment the subjects were divided into two equal
groups. One group was instructed to employ the standa-d lead doctrine (one
lead, 5 mils, for first-round firing); the other group was instructed tc use a
modified lead doctrine consisting of instruction on selection of a lead based on
ammunition type and target behavior (target speed, range, and direction of
movement). The information presented in Table 2 was supplied on a card to
the gunners using the modified doctrine, for ready reference throughout the
modified-doctrine firings. To avoid an interplay of knowledge between the two

10
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groups of gunners the standard-doctrine firings were conducted before the
modified-doctrine firings. The required leads for hits of TP-T firings rela-
tive to changes in range and direction of movement were sufficient to cause
the indicated differences in the modified doctrine for TP-T ammunition. How-
ever, the required leads for APDS-T ammunition of the modified doctrine did
not vary sufficiently (one-half lead) relative to changes in target range and
direction of movement.

TABLE 2
Mcdified Lead Doctrine
(To neovest ¥ lead ~ 2 mils)
105-mm ommunition
TP-T
Torget Torget ronge, m
speed, R
::reph 730 1650 APDS-T
Toarget direction
LR L--R L-+R L.<-R
: K "t ¥ 1 0
10 " 1" ITH 2 1
5 2 2 2 2 !

Two tanks were employed on the firing line. One tank consistently fired
105-mm APDS-T ammunition and the other fired 105-mm TP-T. On each
traverse of the figure-8 track, the tank firing APDS~-T engaged the target at
one range and the tank firing TP-T engaged the target at the other range.

In order to avoid target destruction, which would have resulted from live
fire of the HEP round, ballistically matched TP-T ammuritior simulated the
HEP ammunition of muzzle velocity 2400 fps. The high-velocity ammunition
in the tield research was APDS-T, muzzle velccity 4800 fps.

The target speeds of 5, 10, and 15 miph were representative of the rates
of moveinent expected in many tactical situations involving moving ground
targets.

The tank crew utilized the standard tank fire command. At the time of
the gunner’s command of “on the way” the tank-mounted camera was started,
recording the Jead-~Iay of tiie gun, and continued recording for a few seconds.
Each tank fired a maximum of two rounds during each firing engagement. After
each traverse of the track the target was stopped and miss distances of target
hits were recorded and marked; then the target speed was reset and the next
scheduled trial was conducte’. The order of experimental trials is shown in
App C.

The order of trials was established in an effort to save time, minimize
wear and tear on the track and target-towing equipment, and obtain realistic
information.

SECRET
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Throughout the experimentation the gunners were not specifically informed
as to the direction of movement of the target, target speed, or target range.

Instrumentation

The instrumentaiion employed in the experiment included tank-mounted
cameras and time-event recorders. A 16-mm motion-picture camera (AN-N6
modified) and its accessory equipment were attached to the searchlight mount-
ings of the M60 turret and boresighted, with routine checks to assure proper
alignment. The camera was started manually and operated from the 24-v
electrical system in the tank. An approximate 4-sec continuation of camera
operation following the firing time was built into the camera to record the move-~
ment of the target during flight of the projectile.

Time events were recorded on an Esterline~Angus pen recorder. An im-
puise from each firing ank provided a pen record of tke tank’s time of fire.

In addition, manualiy operated switches were used to record the specific times
the target entered and moved out of the firing zone.

Battery Commander (BC) scopes were positioned on 4-ft towers to the
rear of the tiring tank for observers to sense firings. The rangefinder (M17c)
of an adjacent nionfiring M60 tank served as another independent means of
observer sensing.

A manually controlled motor car with calibrated throttle settings for
approximate target speeds towed the target carriage car at scheduled speeds.

The moving target, fabricated from a 6- by 6-ft plywood panel with a
centered black 2- by 2-{t cross, was mounted on a 6- by 4-ft flatcar. The
use of a 30- by 15-ft shot-catcher directly behind the target to record misses
during experimentation proved infeasible because of inadequacies in the con-
dition of the track.

Range Layout.

Existing tank range facilities for firing 105-mm APDS-T ammunition are
limited. Fort Stewart is one of the few Army posts that pcssess a range fan
of sufficient size for live firing of APDS-T ammunition. The moving-target
range at Ft Stewart is a figure-8 track. The layout of the Tahle V moving-
target tank range at Ft Stewart, Ga., utilized for experimentation is shown in
Fig. 3. Two crossing ranges at 73¢ and 1650 m were used for the experimental
firings. At either range the target was engaged over z path of 290 yd with each
exit and entrance clearly indicated by markers. The two firing tanks were
posidoned approximately 50 ft apart on the firing line. At the ccmmand post,
located aboat 50 yd from the firing line, were mechanical time recorders and
direct communication with the target pit and firing line.

DATA COLLECTION

Four general classes of information composed the experimental output
from the test: target data, sensing data, photographic data, and time data.

Target data supplied actual target hit-miss information and miss distance
from center of mass of {arget hits.
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Sensing data supplied visually aided tracking observations throughout the
experimentation by (a) a military observer using a BC scope and (b) the tank
commander of the adjacent M60 tank using the tank’s rangefinder (M17c) for
both APDS-T and TP-T f{irings.

Far-ronge 6- by 6-f
firing matker zevoing torget

Neecr-ronge
firing marker

o
2

Firing mnks-——»- Eg‘;;t:p’n___J:e_o_)

Fig. 3—Moving-Target Tank Firing Ronge
at Ft Stewart, Ga.

Photographic data. were collected in the form of 16-mm motion-picture
film from the tank-mounted cameras. The angular lead-lay of the gun at the
time of firing was thus obtained.

Time data were collected in the form of Esterline-Angus pen records.
Times for firing the first and the second rounds of ammunition were obfained
from the pen records. The approximate speed of the target was verified by
the time required for the target to traverse the marked section of the track.
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HIT PROBABILITY

INTRODUCTION

The probability of a main-gun round of the M60 tank striking a moving
target was determined by three methods:

(a) Experimental hit probability (Py¢) is the ratio of the number of hits
on a 6- hy 6-ft target to the number of rounds fired. The Py discussed here
does not reflect the “near-hits” that resulted from the live firings. A target
“hit” was assigned a value of 1 and a target “miss” as 0; only these were
considered.

(b) Lead-lay-error hit probability (P, ) is based primarily on the hori-
zontal miss distances determined from film-data analysis and calculated from
the mathematical analysis (described in App A) that is itself derived from
standard errors of such factors as range, drift, droop, and jump for ammuni-
tion types. The numerical values of Py;; are substantially different from the
observed Py values in some cases. However, because an individual near-hit
is assigned a Py, that differs only slightly from actual hits on the edge of the
target, the measure of Py is valid and worth while a5 a consideration. The ‘
errors of {ilm data (such as parallax) and those in film readout (rounded to the
nearest '/, mil) are responsible in part for the inconsistency between P, and
Py . Nevertheless, certain trends, exhibited in the following pages, teud to
add to the validity of the gereral P, resuits—particularly in the TP-T firings,
where, because of inherent ballistic dispersion, observed target hits are
sporadic.

(c) Theoretical hit probability (P ) is based on theoretical {irings ac-
cording to the specific lead doctrine for each type (TP-T and APDS-T) ammuni-
tion. The Py is examined in a following section, “Theoretical Hit Probability.”

The detailed results in this chapter testify to the significant increases in
hit probability caused by increased ammunition muzzle velocity and the modified
lead doctrine. Thus, given adequate terminal effectiveness, the round having
the highest muzzle velocity should be used against moviug ground targets to
increase hit probability.

The 105-mm APDS-T round (muzzle velocity, 4800 frs) has a high overall
Pye (0.39) against moving ground targets under thc experimental conditions
investigated. The observed hits for the two ammunition types are shown in
Table 1; the APDS-T firings are subdivided further, according to the indepen-
dent variables considered.

When using APDS-T ammunition the modified lead doctrine specifying
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lead requirements according to ammunition characteristics and estimated tar-
get speed and range resulted in approximately 50 percent increased hit proba-
bililies over those obtained when using the standard lead doctrine.

The significant changes in ballistic characteristics (especially muzzle
velocity, for example, between HEP and APDS) require changes in fire doctrine
to capitalize on potential increases in effectiveness. To fully utilize the technical
imprevements of amniw :tion, modificaticn of lead doctrine based on significant
changes in ammunition .nharacteristics should be constantly considered and
adjusted.

TP-T AMMUNITION

Pye

—

A total of 2 out of 95 TP-T rounds fired hit the 6- by 6-ft target. Both
these hits were second-round firings under the modified lead doctrine at the
near target range. Because of the scarcity of T#~T target hits, detailed analy-
sis of Pyg for TP-T is insignificant and is nct included.

The obvious result concerning the hit probability of the M6J tank main
gun employing TP-T ammunition against moving ground targets is that the hit
probability 105-mm TP-T ammunition was found to be quite low against moving
targets.

PuL
Main Effects. The results of an analysis of variance of the TP~T data

at levels of 0.05 or less. The tactor of target range was found to have a signif-
icant effect at the 0.01 level of significance, whereas lead doctrine and target
speed were significant sources of variation at the 0.05 and 0.025 levels, re-
spectively. Table 3 shows the main effects of target range, lead doctrine. and
target speed as the mean value of Py for ine various levels of the respec.ive
factors. The percent increase or decrease is also listed as an estimate of

the main effect of the factor relative to the specific change in levels.

The increase of target range from 730 to 1650 m significantly decreases
the accuracy of the main gun against moving ground targets. The diiference
of the means in Table 3 is 0.24 for Py;.

The vse of the modified dcctrine significantly increases the Py of the
main gun by 9.10. A 50 percent decrease in Py for TP-T ammunition re-
sulted from a S-m.i increase in target speed from 5 to 10 mph. Only a slight
decrease of 0.02 in .he mean Pj_ resulted as targer ‘peed was increased from
10 to 15 mph.

Interactions. Three first-order interactions (doctrine-direction, range-
speed, and speed-direction) were found to be significant at the 0.05 level or
smaller. The means of these significant interactions are given in Table 4.

The decr.ase of mean Py from near-range firing to far-range firing by
a factor greater than 5 resulted for all target speeds investigated. At the near
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TABLE 3

Main Effects of Individual Factors on P, of M60 Tank
Using 105-mm TP-T Ammuni‘ion

Against Moving Targets

Mean Percent Level of
Factor Puc increase (+) or dezrease (-) significance
e
Target range, m
Near, 730 0.27
Far, 1650 o.o:r} -89 0.0}
L.ead doctrine
Standard 0.11 .
Vlodified 0.21 } i .05
Target speed, mph
5 0.24
10 0.12 } } e } 0.025
15 0.10

8Not mgnificant.

TABLE 4

Mean P, of 105-mm TP-T Ammunition for Significant

First-Order Interactions

a. Torget Speed—Torget Ronge

Range
Level of
Spewd, mph Neor For significance
5 0.43 0.03 l
iC 0.22 0.04 0.05
15 0.15 0.02 )
b. Torget Speed—Target Direction
Direction
Level of
$peed, mph L<R L+R significonce
S 0.21 0.28
10 0.16 0.02 0.05
15 0.02 0.15
c. Doctrine—~Target Direction
Lead Direction Level of
doctrine L+P L+R significance
Stand :d .14 0.08 -
Modif:zd 0.14 9.30 } 0.5

16

SECRET

RAC-T-459

V8 L e s NPT




——v

e i SE]

RN IEA B AR LT NS YIS

At s e

SECRET

target range the decrease of mean Py, as target speed increased is significant,
whereas at the far target range the Py is quite low for all target speeds in-
vestigated.

As target speed increased a steady decrease in mean Py resulted for
targets moving from right to left, whereas for targets moving irom left to right
a breakpoint seemed to be beiween the 5- and the 10-mph target speed.

The increase in mean Py resulting from the modified lead doctrine on
firings at targets moving from left to right was greater than a factor of 3,
from 0.0s under the standard lead doctrine to 0.30 for firings conducted under
the modified lead doctrine.

Two second-order (three-factor) interactions were found to be signiri-
cant. The interactions of doctrine, round, and range and doctrine, speed, and
range were significant at the 0.01 ievel and at the 0.05 level respectively. The
mean values of Py, are listed in Table 5 for the significant second-order
interactions.

TABLE 5
Meon P, of 105-mm TP-T Ammunition for
Significant Second-Order Interzctions

a. Doctrine—Round—~Range

Leod Target range
doctrine Round
Near For
Standard 1 0.19 0.02
2 0.19 0.02
Modified 1 0.36 0.014
2 0.18 0.05

b. Doctrine—Speed—Roange

Lead Target Torget range
doctrine speed, mph Near For
Standard 5 0.35 0.03

10 0.21 0.03
15 0.02 0.00
Modified ) 0.54 0.04
0 0.24 0.05
13 0.34 0.0%

No increase in the average Py for second-round TP-T {irings was ex-
hibited under the standard lead doctrine at either the near or far target range.
But under the modified lead doc:irine a significant increase cf 0.12 in mean
PyL was found for second-round firing at the near range. The ability of the
gunner to adiust gun lay to compensate for initial gun-lay errors {smailer in
the modified doctrine) determines whether an improved second round is fired.
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Since the modified lead doctrine reduces the errorof initial gun lay, improved
second rounds will necessarily result.

The general decrease of Py, as target speed increases to 5-10 mph is
evident at the near target range in Table 5. The substantial increase of Py
for firings under the modified doctrine is significant at the near target range,
as compared with standard-doctrine results.

APDS-T AMMUNITION

Pyg

Main Effects. All main effects of the variables considered in the experi-
mentation were foung to be significantly different at the 0.10 level of significance
or less in an analysis of variance of the APDS-T firing data. Table 6 gives the
respective mean values for the main effects and also lisis the percentage in-
crease, or decrease, as an estimate of the main effect relative to the specific
change in levels of the factor.

The changes in PHE caused by the main effects are obvicusly explainable,
with one exception. ‘The employment of a lead doctrine that specifies lead
according to ammunition muzzle velocity and target behavior characteristics
will result in an increased hit probability. In the investigation described here,
the modified lead doctrine resuited in over 50 percent increase in Pyg. As

TABLE 6
Main Etfects of Individual Factors on Py, o of M60 Tank
Using 105-mm APDS-T Ammunition oqainst
Moving Targets

Percent Level of
Factor PHE inccease (+) or decrease(~) significance

Lead doctrine

Standard 0.30

Vodified 0.7 } -3 0.10
Target range, m s

Near, 730 0.47

Far. 1650 0.30 -36 0.10
Target speed, mph

5 0.53

10 9.26 } o } 0.05

15 0.35 :
Round

1 0.2 ;

9 0.47 } €2 0.03
Ricection of target

movement

R—L 0.26

Lk 0.51 } +% 0.01
2Not significant.
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target range increased, Pyg decreased. The increase of target range from
730 to 1650 m accounnted for a 36 percent decrease in Py. The increased
target speed from 5 to 10 mph accounted for a 51 percent decrease in Py,
however, the Pyg values for target speeds of 1( and 15 mph were not signifi-
cantly different, indicating that such a target speed increase will not seriously
affect actual taryet hits. Although the sensing of APDS-T ammunition is ex-
tremely difficult, an increase of 62 percent in Pz resulted from second-round
firings (i.e., 14 first-round target hits compared to 22 second-round hits).
The direction of target movement caused the change in Pyg, which is not
cbvious. When the direction of target movement was reversed from right-to-
left to left-to-right, twice as many target hits (24 compared to 12) resulted,
i.e., an increase of 0.2% in Pyg.

A hypothesis that may account for this unexpected diiference is the in-
herent factor of drift in the round. The direction of target movement caused
a 0.35 change in Py at the far target range (i.e., an increase from 3 target
hits to 11 target hits for right-to-left direction compared with left-to-right,
where the drift of the round is 0.2 m). Thus at the far target range the factor
of drift increased tr< lead required for hits on targets moving from right to
left and reduced the lead required for hits on targets moving from left to right.
The data on the interactions of Pyf also support the hypothesis.

Interactions. In addition to the significant differences in the main effects,
certain interactions of the various factors showed significant differences in
the APDS-T firing data. Table 7 lists the interactions that were found to be
significant and the respective levels of significance.

TABLE 7
Significant Interactions of APDS-T P,

Level of
Significont interaction significance
Target range—target speed 0.10
Target range—target speed—target dircction 0.10
Round No.—doctrine—target speed 0.10
Doctrine—target range~—-speed—direction 0.10

The significant differences in Pyg of the target-range—target-speed inter-
action at the 0.10 level were found in the decrease of Pyg as target speed
approaches 10 mph and target range increases.

The effect of the interaction of direction of movement and range at the
5-mph target speed was significant at the 0.10 level. Specific significant
differences of combined round, lead dhctrine, and target speed at the 0.10 level
were also in the data at the low level of speed ani at all levels of target speed
and doctrine for second-round firings. The increase of Py for second-round
firings under the modified doctrine adds to the belief that a reduced magnitude
of the first-round miss under the modified lead doctrine results in a greater
second-round hit probability, since less adjustment of first-round lay is neces-
sary than under the standard lead dectrine.
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The overall decrease in Pyg as target range increases is less for higher-
speed targets than low-speed targets, but the factor of target direction has the
effect of increasing Pyp when target movement {from right to left is rontrasted
with the leit-to-right movement. Not surprisingly,Pyg increases (a) in sub-
sequent-round firings, (b) under modified lead doctrine, and (c) at lower target
speed.

For the modified-docirine firings subsequent-round firings demonsiraicd
a significant increase in Py for higher target speeds.

The significant third-order interaction of doctrine-range-speed-direc-
tion exhibited the following general effects: modified lead dectrine and left-to-
right target movement resulted in increased Py and iicreases in target speed
and range resulted in decreased Py¢.

The greatest increase in Py of the four-factor interaction was found to
be at the far target range when the direction of movement was {rom left to right.

Put

Main Effects. The analysis of variance of the APDS-T Py data showed
four main effects to be highly significant causes of variation at the 0.10 signifi-
cance level or lower. The significant main effects of target range, direction

TABLE 8
Main Effects of Individual Factors on Meon P, of M60 Tank
Usirg 105-mm APDS-T Ammunition against
Moving Tergets

Mean Percent Level of
Factor Pyt increase (+) or decrease {~) significance

Lead doctrine

Standard 0.24 i

Vodified 0.32 } +33 0.05
Target range, m

Near, 730 0.44 _

Far, 1650 0.11 } =75 0.0005
Target speed, mph

5 0.31 3 s

10 0.0 § o } 9.i0

15 0.22 !
Direction of 1arget
movement

t:g g'gg +75 0.0005

2Not significant.

of target movement, lead doctrine, and target speed are given in Table 8 as
the respective mean values of Py;. The percentage increase or decrease is
listed for each factor for an estimate of the main effect relative to the specific
change in levels of the factor. The level of significance resulting from the

analysis of variance of the APDS-T data is included in Table 8 for each signifi-
cant factor.
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Interactions. Three first-order (two-factor) interactions of speed and
range, speed and direction, and range and direction were found to have highly

significant effects on Py;; . Mean Py; fol these interactions are given in Tabie
9 with the level of siganificance indicated.

TABLE 9

Mean P, of 105.-mm APDS-T Ammunition for Significent
First-Order Interactions

a. Torget Speed—Torget Range

Range
Level of
Speed, mph Neor Far significance
5 0.57 0.04
10 0.46 0.14 0.0005
15 0.28 0.15
b. Target Speed—Target Direction
Direction
Speed, mph ‘Le\.ufl of
LR L-+=R s:gmhccnce
5 0.32 0.21
10 0.18 0.42 001
15 0.10 0.34
¢, Torget Range—Target Direction
. Direction Level of
ange LR L->R significonce
'S
Near 0.32 0.55 .
Far 0.08 0.12 } ¢.05

The increase of target range significantly decreased the mean Py at
both the 5- and the 10-mph target speeds. A significant decrease in average
Py resulted from the increase of target speed from § to 10 raph at both target
ranges investigated. The overall effect of interaction of speed and range was
expected.

The sigpificant increase of Py at 10 and 15 mph and also at the two tar-
get rangss when the target movement was reversed from right-to-left to
left-to~-right was unexpected. The difficulty of reversing the moving target’s
direction probably restricts such procedure during tank gunnery practice,
thereby causing the inherent parallax error to bias resulting hit probability.

The second-order (three-factor) interactior< of range-speed-direction,
range-speed-doctrine, and range-directior.-doctrine were found tc be signifi-
cant causes of variation. The mean values of Py, for these interactions are
listed in Table 10 with the level of significance of each interaction.
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TABLE 10

Mean B, of 105-mm APDS-T Ammunition for
Significant Second-Order Intetactions

a. Ronge--Speed—Direction

Direction of Target Target range l Level of
torget speed, mph significance
movement ' Near Far
LR 5 0.58 0.04
10 0.58 0.26
15 0.51 0.12
LR 5 0.56 0.04 £.005
10 0.34 0.02
15 0.02 0.18
b. Range—Speed—Docirine
Lead Torget Target range Level of
doctrine speed, mph Near Far significonce
Standard 5 0.5 0.00
10 0.41 0.14
N ]3 0.29 000 0.10
Modified 5 0.60 0.08
10 0.51 0.15
15 0.28 0.28
¢. Range—Direction—Doctrine
Lead Dir:::;::n of Target ronge Lavel of
doctrine = cement Near Far significance
Standard L.—R 0.51 0.10 )
[.-R 0.30 0.00
Vodified L—R 0.60  0.17 S 0.0005
L<+-R 0.34 0.16

Of course, the effect of increasing target range from 730 (near) to 1650 m
(far) significantly decreases Py . However,theunexpecteddecreasein Py, at
the near range and at all speeds, due to reversing the direction of target move-
ment deserves special attention (see Table 10a). The eifect of target directior
must also be pointed out in the results shown in Table 10c. The significant
increase in mean Py caused by the modified lead doctrine, particularly at the
far target range, is again demonstrated in Table 10b.

In general the obvious results may be summarized as follows:

Table 10 shows several inconsistencies of Py at the far range. However,
at the near target range, the means point out the decreases in Py as target
speed increases to 10 and 15 mph and the general decrease {with some ex-
ceptions) of Py caused by increased target range, as is well known and ex-
pected. The use of a modified lead doctrine has the effect of a significant
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increase at the far range in average Py as contrasted with the far-range
averages with the standard lead doctrine. Left-to-right target movement gives
higher riean values of Py; than right-to-left target movement, with the effect
of increased target range geunerally causing a decrease in Py; .

THEORETICAL HIT PROBABILITY

Theoretical hit probability (Py7) is based on theoretical firing of the
rourd according to the given lead doctrine (either standard or modified) and
on subsequent computations of the hit probability on a 6- by §-ft target; the
latter is a function of such factors as drift, droop, and jump for arimunition
types.®* Since necessary adjustments of initial gun lay for second-round firing
are prescribed doctrine, results of subsequent-round firings are precluded.

The values of Pyt for the 105-mm TP-T and APDS-T rounds were com-
puted from (a) specific leads supplied under the modified lead doctrine 1nd
(b) the single 5-mil lead of the standard lead doctrine for various M60 tank
moving-target engagements at the investigated variations of target range,
speed, and direction of movement.

TABLE 11
P,y for the 105-mm Main Gun of the M60 Tank

against Moving Targets

Direction of target movement and range
Leaod Target

doctrine speed, mph L—R L+—R

Near For Near For
TP-T Ammunition
Standard 5 0.38 0.05 0.45 0.07
10 0.18 0.060 0.13 0.03
15 0.00 0.01 0.00 0.00
Madified 5 0.48 0.06 0.40 0.03
10 ¢.61 0.06 0.62 0.06
15 0.50 0.07 0.44 0.04
APDS.-T Ammunition

Standard 5 0.01 0.05 0.00 0.00
10 0.39 0.01 0.68 0.04
15 0.79 0.30 0.66 0.35
Modified 5 0.14 0.07 0.51 0.03
10 0.52 0.30 0.79 0.20
15 0.79 0.30 0.66 0.35

An average increase of 0.17 in Py due to the use of the modified rather
than the standard lead doctrine is exhibited in Table 11. The mathematical
analysis of theoretical hit probability is included in App A. The computed
values of Pyt are given in Table 11 for both TP-T and APDS-T ammunition.
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OBSERVER SENSING

A great deal of emphasis has been placed on sensing as a means of fire
adjustment. With kinetic-energy rounds this is done largely by means of sens-
ing the tracer in relation to the target; with chemical-energy rounds, by
sensing the burst in relation to the target. How effective sensing is as a means
of fire adjustiaent has been open to question. Sensing may, however, inform
the firer of the correct direction of change if he is unable to determine the
degree of change necessary.

BACKGROUND

The introduction of rcunds with muzzle velocities exceeding 3200 fps
mckes sensing of rounds by the firer a most dJifficult, if not impossible, task.®

It therefore becomes most important that fire doctrines be developed for these .

rounds along lines not requiring either the gunner or the commander of the
firing tank to make adjustments on the hasis of his own sensing. To meet this

problem, a method of fire adjustment based on the “buddy system” was in- -

vestigated; in this system, Tanks A and B would cperate as 2 fire team, with
Tank Commanaer A sensing the rounds of Tank B and adjusting B’s [ire while
Tank Commander B senses A’s rounds and adjusts A’s {ire. Whether such a
method could be more expedient as a rapid means of destroying enemy tank
targets than some other non-sensing fire-adjustment technique is yet to be
determined. To determine the potential effectiveness of this method of fire
adjustment, data on the reliability and accuracy of sensing by use of both a
BC scope and an adjacent tank’s rangefinder were obtained throughout the lead
experiment.

FINDINGS

Table 12 gives the overall summary of observer sensing for firings of
both APDS-T and TP-1 ammunition. Correct sensing of rounds by observers
is defined as (a) an actual target hit sensed by the observer as a hit, and
(b) an actual target misg sensed as 2 miss. The latter is determined by cor-
rectly sensing an actual underlead or overlead of the moving target.

The results were found tc be statistically significant at the 0.02 level of
significance that the data of observer sensing of APDS~T ammunition were
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TABLE 12

Summary of Obseiver Sensing of Firings of 105-mm
Ammunition from the M60 Tank against
Moving Ground Targe:s

Correct sensing

Obs?rver s Terget hits Torget misses
visual
aid Number Percent Number Percent
Number Number
sensed l sensed sensed sensed
APDS-T Ammunition
Rangefindar 20 15 75 17 12 71
BC scope 36 16 44 44 30 68
TP--T Ammunition
Rzngetinder 2 2 100 23 10 44
BC scope 2 2 100 70 38 54

not due to chance. The resulting conclusion is that observer sensing of high-

velocity ammunition utilizing visual aids is advaniagecus in significantly in-

creasing subsequent-round hit probability.
No significant difference in subsequent-round hits could be expected from

the observer sensings of TP--T firings with and without visual aids.

The development of a fire docirine based on the “buddy system” for
sensing high-velority ammunition shouid be considered in order to increase
subsequent-round hit probability.
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HORIZONTAL MISS DISTANCE

The photographic data in coujunction with the time data obtained from the
experiment iormed the basis for deterniination of horizontal miss distance.
The Jletziled methodology of the computations i2 contained in App A.

are given in Table 13 for both APDS-T and TP-T ammunition.

26

The overall means and standard deviations of the horizontal miss distances

TABLG 12

Measures of Herizontal Miss Diciance, 105-mm Main Gun

of the M60 Tank against Moving Targets

(3 = chead of torget, — = gehind target)

Amnwnition

Factor APDS-T TP-T
Mean miss Standord Meza miss Standard
distance, m leviation distonce, m deviation
Lead doctrine
Standard 0.20 4.33 -2.10 8.16
Modified -N.42 2.47 ~1.55 4,31
Round
1 =117 3.62 -2.81 6.14
2 ~0.19 3.50 -0.00 7.37
Target speed, mph
5 -0.31 3.53 +0.64 7.24
10 +#0.62 3.90 -3.09 .35
15 ~1.12 3.17 -3.37 7.62
Target range
Near ~0.16 1.58 -2.18 3.07
Far ~0.47 4.92 ~1.53 9.15
Direction of targzet movement
L-—-R +0.4] 3.37 ~1.42 8.20
LR ~1.02 3.63 ~2.24 5.26

For APDS-T, only the means of direction of target movement indicate any
statistically significant difference (0.10 level). But the outstanding differences
appear in two cases in the standard deviations, not in the means. The modified
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doctrine resulted in a 40 percent reduction of the standard deviation, as com-
pared with the standard~doctrine firings. Also, as is expected, the increase of
range from 730 (near) to 1650 m (far) has the effect of increasing the standard
deviation around the mean horizontal miss distance by a factor of three.

In the case of firings employing TP-T ammunition, statistically significant
differences in the mean horizontal miss distances were not outstanding in the
data. As expected, the mean miss distances for TP-T firings were larger than
for APDS-T firings in all cases, as were the standard deviatious.

Absolute Measurements

A more representative measure of horizontal miss distance is the absolute
value. The overall means and standard deviations of the absolute horizontal
miss distance are given in Table 14 for firings of both APD5-T and TP-T
ammunition against moving targets.

TABLE 14

Meosures of Absolute Horizontal Miss Distance, 105-mm Rain Gun
of the M60 Tank against Moving Torgets

Ammunition
APDS-T TP-T
Factor
Mean miss Stonderd Mecn miss Stondard
distonce, m deviation distonce, m deviation

Lead doctrine

Standard 3.38 .07 5.87 5.95

Modified 1.€5 1.86 2.97 3.39
Rousd

1 2.61 2.48 5.3: 4.92

2 2.49 2.47 4.66 5.67
Target speed, mph

2.52 2.44 3.5 6.11

10 272 2.81 4.11 3.56

15 2.4% 2.24 6.2 5.33
Target range

Neer 1.is 1.07 2.53 2.78

Iar 4.12 2.63 6.78 6.10
Direction of target movement

L—R 2.17 2.59 5.5 6.08

LR 2.95 2.30 3.79 4.25

The larger ballistic dispersion of TP-T aramunition in comp2:ison with
APDS-T ammunition is pointed out in the comparisons of the standard devia-
tions of the horizontal miss distances for the two types of ammunition in
Fig. 4.

As was the cace in the arithmetical measures of miss distance (see
Table 13), the consistent increase of the mean miss distances and standard
deviations of TP~T am. munition as compared to APDS-T ammunition is obvious
for the absolute miss distances in Table 14.
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TABLE i5

Percentages of Firings Terminating chead of Aiming Point,
M6Q Tank Mein Gun against Moving Targets

105-mm ammunition type

Factor AFDS-T TP-T
Overleud, %

Lead doctsine

Standard 48 32

Modified 42 32
Target range

Near 50 27

Far 39 338
Target speed, mph

b 18 39

10 51 29

15 35 29
Round

1 48 27

2 41 39
Direction of target movement

L—=R 50 30

L-—R 39 34

Overlead

In Table 13 the large number of negative means, indicating an underiead,
is outstanding. For APDS-T and TP-T firings the incidence of underlead was
observed in the majority of firings. Overleads were observed in 32 percent
of the cases for TP-T firings and 45 percent for APDS-T firings. Table 15
gives a synopsis of the percentages of overleads by factors investigated for
both ammunitions used in the experiment.
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TIME FOR FIRING

In some cases the time data collected under experimental conditions lack
realism; such data might be considered optimum results and migh. be degraded
for such more realistic conditions as return fire from the target, defensive
and offensive maneuvers, and psychological factors in behavior.

These statements are quite true in regard to the data analyzed in this
section. Throughout the experiment the times for firing first and subsequent
rounds were collected. Ample time to fire two rounds was allowed in all tank-
target engagements. Excessive time was prevalent. In no case was the gunner
hurried to fire a round of ammunition. It is important to point out that the ex-
perimental conditions did not impose any requirement of firing time on the
gunner except the safety requirement to engage the target within the firing-
zone boundaries.

First Roun_d

The overall difference between ammunition types in the mean firing time
(first round) was 0.8 sec greater for TP-T. Although the times recorded for
first-round firings of APDS-T ammunition were generally less than those of
TP-T ammunition, the overall means of TP-T and APDS-T were, of course,
not significantly different.

Change of lead doctrine was the most significant cause of variation in
first-round firing times. An average increase of 2.7 sec resulted from the use
of the modified lead doctrine. This difference was significant at the 0.15 level.

Table 16 gives the mean times to first-round fire by lead doctrine em-~
ployed for combined TP-T and APDS-T ammunition.

Second Round

The overall mean time for second-round firing was 30 sec. Table 17
gives the mean times for second-round firing. The decrease in time for firing
the second round with increase in target speed was significant at the 0.15 level.
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TABLE 16

Mean Times for Firing First Round, by Lead Doctrine
(Combined TP-T and APDS-T smmunirion)

f

Time for firing, sec

Fector Standard | Modified | Overall
doctrine doctrine mean
Target speed, mph
5 10.5 13.6 12.0
10 8.2 5.2% 8.6
15 6.2 1.4 8.6
Target range
Near 8.6 1.3 9.8
Far 8.8 11.5 10.0
Direction of target movement
L—=+R 8.9 10.¢ 9.1
L<+—R 8.4 12.7 10.1
Average time 8.7 1.4 9.9
3Based on only one observation.
TABLE 17

Mean Times for Firing Second Round

Factor Mean time, sec

Ammunition

APDS-T 30.6

TP~T 29.5
Lead doctriae

Standard 29.5

Modified 30.7
Target specd, mph

5 36.5

10 27.8

15 25.0
Target range

Near 29.8

Far 30.2
Direction of target movement

L—=R 28.4

[.-—R 31.8
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This appendix describes the mathematical analysis of theoretical deter-
mination of lead and of hit probability of the M&0 tank main gun against moving
ground targets. This analysis includes the derivation of equations and techniques
necessary to such determinations.

LEAD

Figure Al shows a target moving at an angle « to the horizontal coordinate.
There is a firer at point C. The distance the target moves from the time it is
being fired on at A to the time it is hit at B is given by Eq Al.

s ={v) (1) (A1)

where s is the distance the target moves, v is the constant speed of the target,*
andt is the time of flight of the round.

L

LEAY RZ

/’

\

Fig. Al—Geometrical Presentation
of Anguiar Lead n

*For nonconstant speeds s » J‘ :b vdl. t was obtained from the ballistic firing tables!
a

34 RA(C-T-459

SECRET

FeaadAd

PR




RPN,

e e R AL

SECRET

Equation A2 expresses the law of cosines for triangle ABC:
R?’ng;2+s2—2(Rl)(s)cosy (A2)
where Ry is the range of the target at time of impact with the round, R, is the
range of the target at time of fire, and v is the angle of attack, i.e., the angle
that the direction of target motion makes with the firer’s line of sight.
Since the minimum range appropriate would be 500 m, then
Ry >>s

Therefore

1
R

—

If R2 = Ry = R, the range of the target remains approx.mately constant
during the time of flight of the round.

Equation A3 expresses the law of sines for triangle ARC:

sinn sin y
e R (A3)
= S sin
smn R Y

Sinze R >>s, n is very small (less than 1 deg) and sin n 1.
Dropping the approximation sign, Eq A4 is obtained.

ne sin y
R

"= -—Uﬁf- sin y (A4)

Equation A4 is an expression representing the angular lead n necessary
to hit ground targets moving at constant speeds over straight paths. If v, ¢,
and R are used within a consistent unit system, then n wili be nondimensional,
i.e., expressed in radians. The term v sin y, found within Eq A4, is the appar-
ent velocity of the target, i.e., the component of velocity perpendicular to the
line of sight.

A grapn of t as a function of R (Tig. A2), the points being obtained from
the ballistic firing tables,* reveals that t = (k) ¥ mR, where m is a constant.
This means that the time of flight of the round is approximately a linear func-
tion of the range. This is especially true of APDS and less true for HEP, with
high-explosive antitank (HEAT) ammunition lying between these two.

K[t/R = m]is calcuiated for ranges between 500 and 2000 m and the
median m is then determined, Eq A4 becomes

n~=Mmuy sin y (A5)

where

—~ 4
m = the mean —
R

RAC-T-
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Fig. A2~ Time of Flight of the Round as » Function of
Target Ponge for Three Types of Ammunition

To be able to express the speed in meters per second, miles per hour, or
feet per second and obtain the number of leads (1 lead = 5 mils), Eq A5 must
be mult.plied by an approy riate constant ¢, as follows:

n=cmvsiny

Letting K = cm, Eq Ac is obtained.

Values of K are given in Table Al.

n=Kuvsin y

(46)

Equation A6 was derived for a general case and the lead obtained by its
use will be in error by less than 10 percent. The equation was programmed
and run on an IBM 7080 computer.

TABLE Al
Volues of K for Three 105-mm Ammunition Tynes

K, unit of speed

Ammunition
type m/sec mph fos
HEP 0.337 0.148 0.101
HEAT 0.200 0.088 0.060
APDS C.143 0.063 0.043
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The angle of attack y was incremented in degrees and the speed v in
meters per second., An abbreviated table of results is shown in Table A2,

TABLE A2

Effect of Yariations in Target Speed and Angle of Aftack
on Number of 3-mil L.eads Required

Ve deg
v, m/sec Ammunition 0 30 60 %0
Required leads

5 HEP 0 0.85 1.47 1.70
HEAT 0 G.50 0.87 1.00

APDS 1] 0.35 0.61 0.70

10 HEP 0 1.70 2.94 3.40
HEAT 0 1.00 1.73 2.00

APDS 0 0.10 1.21 1.40

15 HEP 0 2.55 4.42 5.10
HEAT 0 1.50 2.60 3.00

APDS 0 1.05 1.82 2.10

A nomograph of Eq A6 has been constructed (see Fig. A3) that permits
the making of rapid approximations of required lead. The procedure consists
of l1aying one end of a straightedge at the given angle of attack on the appropri-
ately marked axis. Under the type of ammunition to be used the given apparent
target speed is located and projected horizcntally to the appropriately marked
axis, at which point the other end of the straightedge is placed. The point of
intersection of the straightedge with the diagonal will be read as the required
lead.

As an exarple in the use of the nomograph for determining required lead,
suppose the angle of attack y is 30 deg, the speed of the target v is 10 mph, and
the ammunition is APDS. The dashed line illustrates the procedure on the
nomograph. An answer of approximately 0.32 lead is obtained. The exact
answer of 0.3i5 lead is obtained from Eq AS6.

HIT PROBABILITY

Having determined the required lead it is now posgible to calcuiate the
theoretical hit probability. This will be outlined through a series of equations.

Horizontal

If the firer leads the target by a given amount (n'), then Eq A7 will give
the angular lead error (p).

©=n"-n (A7)
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Fig. A3—Nomograph of Required |_eqad
n=Kvsiny
where n = leads required
K = ammunition constant
Vv =target speed
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where ¢ is the angular lead error, n’ is the lead taken by the firer, and n is
the theoretically required lead.

Figure A4 illustrates the conversion of the angular lead error to miss
distance (H). For small angles of ¢ (in our case ¢ will always be iess than 1
deg) these miss distances are expressible by £q A8.

Hp =0.0049 (R) (0} (A8)

The constant 0.0049 is the factor that enables ¢ to be expressed in number of
leads. This equation has been run on the IBM 7090 computer. R was incre-
mented in 50-m steps between 500 and 2500 meters and ¢ was incremented in
Yi-leads between 0 and 3 leads. An abbreviated output is presented in Table A3.

TABLE A3

Effect of Variations in Angular Lead Erear ond
Torget Range on Leed Miss Distance

R, m

¢, ieads 500 10C0 1500 2000 2500
Hg , m

% 1.23 2.45 3.68 1.90 6.13

1 2.45 4.90 7.35 9.80 12.25

14 3.68 7.35 11.03 14.70 18.38

2 4.90 9.80 14.70 19,60 24.50

In addition to the lead miss distance there will be a horizontal bias (Hy)
due to such factors as drift, cant, droop, jump, and crosswina. These values
are available.® The total horizontal miss distance ( H,) will be the result of
addition or subtraction (depending on the relative miss directions) of these two
values, as shown in Eq A9.

Hy=Hp % H, (A9)

where H, is the total horizontal miss distance, Hy is the lead miss distance,
and Hy is the horizontal bias.

The target was a 6-ft-square piece of plyweod.

Once the horizontal standard deviation (dispersion) has been ascertained®
by type of round, the horizontal hit probability can be calculated. The situation
is shown pictorially in Fig. AS5a. Once Eqs Al0 asd All are comaputed, the
normal distribution tables are used to find P, and P, from Z, ard Z,, respec-

tively. 7, KD

%y (AIO)
. (X/2)-H
2, (X2 (A1)

where ¢y, is the horizontal standard deviation, X is the length of the target, and
Z is a dummy variable.
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Fig. Ad—Coanversion of Angular Lend
Error to Miss Distance
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Fig. A5—Calculation of Hit Probabitity
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Then Eq Al2 is used 0 find the horizontal hit probability.
Py =Pp+0ly {A12)
where P, is the horizontal hit probability.

Vertical

To find the vertical hit probability the vertical bias V must be known,“ as
well as the vertical standard deviation 0,® The vertical situation is iltustrated
by Fig. ASb. After the parts of Eq A13 have been computed, P; and P4 are found
in the normal distribution tables from Z; and Z4, respectively.

~ _(Y/2)sv . _(Y’2)=y p
e 2y- (A13)
where Y is the height of the target, V is the vertical bias, and ¢, is the vertical
standard deviation.

Then Eq Al4 is used to find the vertical hit probability:
P, =Py Py (Al4)

P, is given by Eq Al5:
PT = P{I pu (A15)

SUMMARY

The following steps outline the method of determining the hit probability
of a round fired at a ground target moving at constant speed in a straight line.

Given are velocity of target v, range to target R, a..gle of attack y, target
size (x,y), and number of 5-mil leads taken n’. The type of ammunition used
determines K, ¢y, 0,, and H..

The following determinations can be made:
Lezad

n = Kv sin y

Angular Lead Error

O=156" -n

Lead Miss Distance

Hy = 0.0039 (R)(©)

Total Horizontal Miss Distance

H, = Hp tH,

RAC-T-459
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Horizontal Hit Probability

Zl‘ o -(—Y-/-M determines P
%y

pl + P2 = Ph
19} ~
22 = ﬁ—é:——}i determines P2
Verticai Hit Probability
/
Zy = (_Y__ZH_V determines Py
9y
P, + Py, =P
7 (Y/2)-V 4 . s ‘ Y
4 " ————— determines P

9y

Total Hit Probability

Pp= (PP

A nomograph has been constructed (see Fig. A6) to facilitate determina-
tions of hit probability. In using this nomograph the straightedge is placed on
L/2 and on the miss-distance, upper-scale, axis. Then the straightedge is
laid across the resuiting intersection and the dispersion axis ¢. The inter-
section with the diagonal gives P,. This procedure is repeated, using the lower
scale on the miss-distance axis, to derive P;. The horizontal hit probability
is the sum of P, and P;. X a shift fo the upper sca.e of the auxiliary axis is
neressary, then the horizontal hit probabhility is the difference between P, and
Pz:. The procedure for the vertical plane is similar, using the vertical miss
distonce and half the neight of the target. Then P; and Py are found, and the
vertical hit probability is the sum of these terms.

As an example in the use of the nomograph for determining the horiz~ntal
hit probability, the horizontal dispersion of APDS and HEP at 730- and 1650-m
ranges have been anchored on the dispersion axis. Buppose the target was 20
by 10 m and the miss distance using HEP at 73C-in ranze was Y2 m. Then the
dashed lines on the nomograph indicate a P, value of 0.44 and a P value of
0.23, their sum resulting in a horizontal hit probability of 0.67.%> To find the
vertical hit probability, the 10-m dimensicn and the vertical dispersion
component are used. f{t is necessary to multiply the horizontal hit probability
by the vertical hit probability tc obtain the total hit probability.

For each round fired by the M60 tank a photographic record was obtained.
The angular aimoff, in mils, from the center of mass of the moving target was
measured from the film at the time of firing. The speed of the moving target
wdg determined from the time required for the target to traverse the marked
section of the track. The theoretically required lead for a center-~-of-mass
hit on a target moving at a specific speed was determinad from lead-speed-
ammunition curves. The lead-lay error resulted as the difference between ihe
film-measured lead and the required lead, also in mils, for a center-of~mass
target hit. The linear miss distance (meters) followed directly irom the en-
gagement range (meters) and the angular error (mils). The horizontal hit

42 RAC-T-459

CONFiDENTIAL

C o N A vers

“ re




W Mt A

O, | SRR

SECRET

or Sr T° 7] (730) APDS
< b L i / =(730) HEP
< ~ = (1650) APDS
3 =
N
38 93 -$-(1650) HEP

x
-2k 41 4
3]
z
- - <
b=
s
-4 -2 B
W
- — 2
z

-6 J3

Fig. A6—Nomograph of Hit Probability

probability on the 6~ by 6-ft target with the given ammunition was computed
from the linear miss distance (App B) by the method presexted in this appendix.
Tae vartical hic probability was computed from the standare vertical bias and
dispersion at the ranges investigated (i.e., 730 and 1650 m). These quantities
for the two types of ammunition utilized are given in Table A4 for the respec~

tive raages.
TABLE A4

Vertical Hit Probability for Two Types of
Ammunition against o 6- by 6-ft Target

105-mm Ronge, m
ammunition 730 1656

APDS-T 0.88 0.51

TP-T 0.88 0.40

The total hit probabkility was then computed as the product of the horizontal
hit probability and the standurd vertical hit probability at the given range.

RAC-T-453 43

SECRET




e

D A A0 a0 R A 6

SECRET

Appendix B
ANALYSIS OF EXPERIMENTAL DATA

Figures
B1-B4. Schematic Diagram of Explicit Significant Differences
of Means P,
Bl1. First-érder Interactions, APDS-T
B2. Second-Order Interactions, APDS-T
B3. First-Order Interactions, TP-T
B4. Second-Order Inteructions, TP-T
Yables
Bl. Target Hits and Misses, Observed Data by Factor
Investigated
B2. Analysis of Variance, 105-mm APDS~T Observed
- Hit-Miss Data (¥} ¢)
B3-B5. Py for Significant Interaction, 105-mm APDS-T Ammunition
B3. First-Order
- B4. Secozd-Order
B5. Third-Order
B6. Horizontal Miss Distances, Filmn Data by Factor Investigated
B7-B8. Analysis of Variance, P, of 105-mm Ammunition
B7. APDS-T
BS. TP-T
RAC-T-459
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The experimental data on observed target hits are given in Tahle Bl for
the variables investigated. Table B2 gives the 5-factor analysis of variance of
the data of Table B1. The means of the statistically significant (o = 0.10 or less)
interactions are given in Tables B3 to B5. The inconsistencies exhibited at
separate speed levels in Tahle B4 are greatly reduced by accumulating the data
of the higher target speeds (10 and 15 mph).

The horizontal miss distances for both hits and misses ars given in Table
B6. Miss distances of target hits as well as misses were measurea from the
center of the target cross (i.e., aiming point). In case of a measurad target
hit in the center of the target (same as center cf target cross) the miss distance
is 0, 0, both horizontally and vertically. Dashes indicate unreadabie gun-camera
film or mechanical failure ¢f equipment.

Tables B7 and B8 give the analyses of variance of the kit probabilities
resulting from the horizontal miss distances together with the analysis described
in App A for APDS-T and TP-T, respeciively. The explicit significant inter-
actions are pointed out in Figs. Bl to B4.
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TABLE Bl
Target Hits and Misses, Observod Data by Factor Investigated
(1 = hit, 0 = miss, — = mechonical failwre)

a. APDS-T Ammunition

Target speed, mph

Lead doctrine
and direction of 3 10 15

forget movement Near, Fer, Near, r Far, | Neor, Fer,
730 m 1650 m 750m | 1650 m | 730m 1650 m
First Round
Standurd
LR
1st trial 1 0 0 i ! 1
2d trial 0 0 0 0 ] 0
L-R
1st trial 0 1] 0 0 i Q
2d trial 1 0 0 v} 0 0
Modified
LR
st trial 1 H 0 0 0 0
24 irial 1 1 1 0 0 0
L<+R
1st trial 1 1 0 1] 0 0
24 trial N 1 1 0 0 0
Second Round
Standard
L—=>R
1st trial 1 H 0 1 0 -
24 trial 1 0 0 0 i 0
I+~ R
1st trial 0 0 | 0 1 0
24 trial i 0 - ) 0 1}
Modified
L—R
13t trial 1 1 1 } 1 i
2d trial 1 1 0 i 1 0
L1t
1st trinl i 0 0 0 1
2 trial 0 )] 1 -~ 0 ]
RAC-T-459
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TABLE Bl--(continued)

b. TP-T Ammunition

Tacget speed, mph

Leod doctrine
and direction of 5 ‘ 10 15
torget movemnent Near, | Far, % Neer, For, Near, For,
70m ’ 1650 m J 730 m 1650 m 730 m 1650 m
First Round
Standard
l.-»R
1st trial 0 0 0 0 0 0
2d inal 0 0 0 0 0 0
L-—R
1st trial 0 0 9 0 0 0
2d trial 0 0 0 0 0 0
\fhdl‘led
L,—R
1st trial 0 0 0 0 0 0
2d trial 0 0 0 1] 1] 0]
L<+R
1st trial 1] 0 0 0 0 9
2 tnial 0 0 0 9 0 0
Second Rournd
Standard
L—R
1at trial 0 1] 0 0 0 0
2d trial ¢ 0 0 0 0 9
L-~-R
1st trial 0 0 0 0 0 0
2d trial 0 0 0 0 n ]
Modified
L—R
1st trial 0 0 0 0 0 ¢
24 trial 1 0 0 0 1 4
L-+~R
1at trial - 0 0 0 Y 0
2d trial 0 0 0 0 0 0
RAC-T-459
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TABLE B2
Analysis of Voriance— 105-mm APDS—T Obzerved
. Hit-Miss Date (P, ;)
Factors ond Degrees of Sum of Mean
. combinations freedom squares squars F
i Round 1 0.7830 0 7830 43720
i Doctrine, | ! 0.6256 C.6256 4.493°
g Range, R 1 0.6517 C.6517 3.639¢
! Speed, S 2 L1805 0.5904 3.206
H Direction, D 1 1.4186 1.4186 7.9212
X Round x 1 1 0.1465 0.1465 c.818
Round x R 1 0.0001 0.0001 0.000
: Round x § 2 0.1951 0.0976 0.545
Round x D 1 0.1403 0.1403 0.783
IxR 1 0.1954 0.1954 1.09)
IxS z 0.292% 0.1462 0.816
IxD 1 0.1584 0.1584 0.884
RxS 2 0.9013 0.4506 2.516¢
RxD 1 0,1882 0,1882 1.051
SxD 2 0.5382 0.2691 1.502
Round x 1 x R 1 0.1953 0.1952 1.090
\ Round x I x § 2 0.9789 0.4893 2.732°¢
; Round < I x D 1 0.1602 0.1602 0.394
: Round xR xS 2 0.0528 0.0264 0.147
! Round x R x D 1 0.0007 0.0007 0.004
Round x S x D 2 0.1916 0.0958 1.535
I»RxS 2 0.6351 0.3176 1.773
IxRxD 1 0.2280 0.2280 1.273
g [xSxD 2 0.3008 0.1504 0.840
RxSxD 2 0.8635 0.4318 2.411°
Found x1 x R xS 2 0.0530 0.0265 0.148
. Round x I xR x D 1 0.0036 0.0036 0.020
Round x I xSxD 2 0.2566 0.1283 0.716
! Round x R x S x D 2 04661 0.2330 1.301
IxRxSaD 2 1.0840 0.5420 3.026°¢
Reand x I x R» Sx D 2 0.4735 0.2378 1.318
Error 47 8.4183 0.:791
Replication 1 0.3348
Total 95 22.1145
E; BSignificant at a = 0.0, bSignii’icant at a = 0.05. ¢ Significart at @ = 0,10.
TABLE B3
; Py for Significamt First-Qrder Interaction,
105-mm APDS-T Ammunition
Torget speed and range
Ronge
Spoed, mph ?
Neoar Far
s 0.75 0.42
10 0.7 0.26
* i5 0.50 0.43
RAC-T-459
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TABLE B4

B, ¢ for Significant Second-Order Interaction,
105-mm APDS-T Ammunition

a. Target Range, Speed, ond Direction

L—R LR
Torget
speed, mph Near ronge Far range Near range Far range
5 0.88 0.62 0.62 0.00
10 0.25 0.50 0.29 0.03
15 0.50 0.27 0.25 0.38
Average,
10 and 15 0.38 0.38 0.27 0.20
b. Round, Lead Doctrine, and Speed
First round Secend round
Torget
speed, mph Stendard Modified Standord Modified
doctrine doctrine doctrine doctrine
5 0.35 0.75 0.30 0.62
1¢ 0,12 0.12 0.29 0.53
15 .38 0.12 0.27 0.62 .
Average,
10 and 15 0.25 0.12 0.28 0.58
TABLE BS

Py g for Significant Third-Order Interaction,

105-mm APDS-T Ammunition

Target spesd, lecd dogicine, direction of target movemen?, and target ronge

thovement L ~=R Movement L~ R
Spoed, mph Ductrine
Noar ronge Fer ronge Heor range Faor racge
5 Stapdarg 075 .28 0.50 ]
Madified 1.0¢ 1.06G 0.75 1]
10 and 15 Standurd 0.25 4,40 .44 ¢
Viodified 0.50 0.38 0.12 0.1
KAQ-T- 438
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TABLE Bé

Horizontal Miss Distances, Film Data by Foctor Investigated
(+ chead of target, ~ - behind torget)

a. APDS-T Ammunition

Torget speed, mph

Lead doctrine

and direction of 3 10 15

target movement
9 Near, Far, Near, Far, Near, Far,

730 m 1656 m 730 m 1650 m 730 m 1650 m

Miss distance, m

First Round
Standard
I,—R
1st trial ~1.13 +8.09 ~1.13 -1.16 +0.04 +1.29
24 trial +0.47 45.86 40.58 1121 +1.2¢ ~3.39
l,<—R
1st trial -0.61 6.4 -2.99 -5.91 -2.63 -1.13
2d trial +0.07 =3.71 +#),55 +7.51 +3.87 -6.02
Modified
LR
1st trial -0.22 ~1.40 0.55 +9.98 -1.35 -
2d trial (] ~3.05 .61 - -0.71 +0.71
<R
1st trial +0.55 ~1.82 -1.35 2,72 -2.08 -6.1]
2d trial +0.95 ~1.98 -0.18 ~2,23 +1.35 Q
Second Round
Standard
L—+R
1st trial -1.13 +$.79 -1.13 ~0.61 -0.58 -
24 trial +0.47 46.27 40.58 ~1.57 0.40 -8.75
LR
1st trial -10.30 ~7.67 -0.91 -5.12 -2.81 =-3.71
2d trial +1.17 - - 8.33 +5.15 -
Vodified
L—R
*st trial -1.50 -0.91 +0.04 ~0.30 -0.99 +0.91
2d trial 0 -3.05 - 0.13 -0.73 30.74
LL+R
1st trial -0.30 -3.05 -1.35 +2.23 ~1.72 ~0.15
2d trial +1.13 -1.98 +1.10 - - ~0.42
RAC-T-459
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TABLE B6—~(com:nved)

b. TP~T Ammunition

Target speed, mph

—
Lead doctrine 10 15
::::; r:z:::;:‘f, Neor, Far, Neer, Far, Near, For,
70m 1650 m 730m YAS0 m 730 m 1650 m
Miss distance, m
First Round
Standard
fL.—R
1st trial -1.83 4+16.58 - ~6.60 ~7.85 +4.13
2d trial -0.51 ~0.41 +1.86 - -10.18 -15.91
LR .
1st trial +0.44 - -4.02 -1.65 ~1.64 -
2d trial ~2.37 +1.32 +0.69 -10.56 -7.3¢ -
Modified
L-=R
1st trial ~0.40 —4.54 ~2.01 -7.43 0 ~0.91
2d trial +0.84 - - - -0.69 -
LL--R
1st trial - -10.40 - -12.87 ~3.98 -
24 trial +0.88 -0.83 -0.04 ~2.06 -3.72 46.11
Second Round
Standerd
L—R .
1st trial - +24.83 = -8.25 -9.31 -
2d trial ~.33 -7.84 -5.62 - -8.26 +13.20
LR
1st trial -0.84 - -2.01 +0.41 -3.10 -
2d trial -2.57 +2.97 +0.69 +2.54 ~ -15.26
Modified
L—R
1st trial +0.33 - - -8.25 - +0.74
2d triel +0.30 - ~- - ~0.05 -
[L~-R}
1st trial - -0.50 - +4.46 - -
24 trial +.05 ~6.4] -2.19 -2.06 - +6.52
52 RAC-T-459

SECRET

T B S

NN S R i

[P

o ey e (VM




T e ey

TABLE 87

Analysis of Vwianco-—-PHL of 105-mm

APDS-T Ammunition

TS TR (e

Degrees of Sum of Meon
Source fraedor tquares square ¥
flound } 0,024 0.0021 0.088
Dogtsine. | i 0.1108 0.1 30% 5106
Hange, 1 2 Y932 2.3932 #8.3097
Speed, § 2 01126 0.0713 2531
Diteetion, D 1 01858 0.1838 17.020"
Round -+ I 0,0159 008, 5.601
found - R ! 0,015 00185 i..%0
Round ~ § 2 00692 .03 16 .27
Hound ~ I ] 0.0003 00003 0.01}
-8 I 0.1014 0.0301 1,122
-5 2 00153 ° 0.0079 0. 200
-0 ! 60,0192 0.0392 708
.5 2 YATY 0.3055 1,273
R-D I 01607 0.1607 s.a70b
$-n 2 0.3052 11520 5.631°
Round . [ » R § 00000 0.0000) 0.000
Round - 1,8 2 0.0000 0,0000 0,000
Bound - [ . [y 1 0.0267 0.0267 0.985
Rouad - R, § 2 0.0915 0.01468 1727
Bound v R - ) ] 0.0127 0.0§27 0,169
Round .5 . 2 00684 00313 §.269
I-R.5 2 0.110) 9.0700 2.583¢
I1-RB.D ] 0.9728 0.0728 355078
1,5.D 2 0.0910 0.0170 1.7314
R-S.,D 2 0.3322 G661 65247
Round »{ R, & 2 0.0366 0.01383 G.675
Round L R D ] 0,0000 0,0000 0.000
Round »1~»5-D z 0.0000 0,0000 0.000
Round R, S. D 2 0.0000 0.0000 0.060
I-R-S,D 2 0.0000 0,0000 0,000
Round y i+ R»S»D 2 0.0000) 0.0000 0.000
ferop 38 30250 0.0271
"cpllc:\lionn | 01733
Total 86 7.2784

“Significant at a = 9.01.

Signsficant at a »

0.05.

Sigaificant at a = 0,10,

RAC-T-459
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TABLC 88
Analysis of Varience—P,, of 105-mm
{ TP-T Ammuaition
Degrees of Sum of Meon
Souvrcu freedom squores squars F
{ Round I 0.0012 0.0012 0.0508
Docteine, | 1 0.1305 0.1395 5901108
Renge, K ! 0.93%0 0.9330 30.5330°
Speed, S 2 0.2712 0.1356 574587
Pirection, D i 0.0122 0.7122 0.5169
Round » | | 0.0000 06.0000 0.9000
Hound - R ] 0.0003 0.0005 0.0212
Round ~ § 2 0,0137 0,0068 0.2881
Round ¥ N 1 0.0005 0,0005 6.0212
1R ! 0.0000 0.0000 0.0000
Ix8 2 0.0985% 0,0492 2.0847
IF2)] ) 0.1012 0.1943 8.2330"
Rx$ 2 0.2214 0,107 i.6907"
BR«D } 2.0000 0,0000 0.0000
$xD 2 62077 0.1038 4.3983"%
Rownd x I x R 1 0.22%8 0.2258 0.5678"
Round x i~ § 2 0.0358 0.0184 0,7797
Bownd <1 x D i 0.0035 0.0035 0.1483
1 Roond xRx § 2 0.6229 0.0113% 0.4830
- Round <R <D 1 0.0241 0.0241 1.0212
Bound x§S>~ D 2 0.0682 0.0341 1.4449
IxRx§ 2 0.1770 0.9885 3,7500" )
Ix8«D 2 0.1414 56,0709 3.0042 ,
IFS.¥2) 2 00956 0.0478 2.025%
Rx $xD p3 0.0000 0.0000 00000
Rowad vy 1 R x & 2 0.0000 0.0000 0.0000
Rowad v I xR <D ! 0.0000 0.0000 0.0000
Rowd x 1 <S> D 2 0.0050 0.0025 0100 ,
Boumd xR xSxD 2 0.0662 0.033) 13025
FxRB«<SxD 2 0.0000 0.0000 0.0000
Rownd x I xRxSxD 2 0./000 0.0000 0,0000
Error 16 0.3771 0.023 0.0000
Replications } 0.0602
Toted 55 3.3377
ASignificent at a =~ 0,05,
gaificant ut o = 0,01,
Significant ut i = 0,005,
o4 RAC-T-45%9
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Torget Spoed—Target Ronge
Torgat range ! Targer spasd, moh
Near For L 10 15
Torgst speed, mph Torget ronge B
s 1 15 5 10 lr 15 N F N F N 4
T e m—— ————
«- 0,05 a-0.10 a-0.10
Torget Ypeed—Terget Direction
Torget direction Target speead, mph
L-~»~R L+ R 5 10 15

Targst spaed, mph Target direction

L 10 15 L 16 15 |[L»R|L+RIL~R|L+R|L-+=R]| *R

a-0.05 a - 105
Torges Ronge—Terget Direztion
Torget range T orget divection
Neor fer L-»R LR
Torget direction Target range
LR I} L~ R L-~R LR N F N F
a~0.95 a~0.01 « ~0.01

Fig B1—Schematic Dsagrom of Explicit Significons Divfsrences of
Meons, First-Ordar Interactions, Py, ef APCS-T
Aniy two meons of voriok e¢ not undesi .ad by

the some line are significontly differens ot
the significonce level {(a) indicated.

RAC-T-459 55
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Torger Speed—Target Runge

Target range Targer spaed, mph
Neoe E For 5 10 15
Torges speed, mph Torgst congs
5 10 15 5 g 15 { Mear | Far | Neor | Far | Maor | For
a~-0.10 a = 0.0} a-~-019
Yorger Speed—~Torget Direction
Torget direction Torget speed, mph
LeR L—=R 5 10 15
Tergef spead, mph Torget direction
5 10 is 3 1o 1£ LR {L‘- 4 [L—-R l L+<RIL»R|L+R

a=0.10 a=0.05 a=0.05 a=0.10
Leed Doctyine—Torget Direction
Torgar direction Instruction
LR L—»R Stondord Modified
Lead doctrine Target diraction
Stondard [ Modified [ Standord | Modifisd LeR LR LR LR

a - 095

Fig. B3—Schematic Diagram of Explicit Significant Diffsrences of
Msans, First-Order Interactions, Py of TP~T
Any two meons of variobles not underlined by
the some line are significontly different or
the significance level (a) indicoted.

RAC-T-459
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DATA-COLLECTION METHODS AND FORMS CSED
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-"spendix C

Ci. Form for Cbserver Senging
C2. Nlustration of Leading Moving Targets

C3. Tables of Requ.red Leads, Supplied to “Isers of

Mc .fied Lead Doctrine

C#4. Datz Form for Pit Personnel

Table
C1l. Lrder of Data Collection

RAC-T-459
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Figure CI shows the form used by the ohservers using the BC scope and/
or the rangefinder (MLl7¢) of the MAQ tank for recording sensings of rourds
fired. The order in which data were collected s shcwn m Takle C1.

Figure C2 showsg the handout that was aistributed to per<nnnel who operat-
ed under the stendard lead doctrine.

Fiyure C3 is the table of required leads that was distributea to the per-
sonnel who operated under the mcdified iead doctrine.

Figure C4 shows the form used in collectiun of dat: directly from the
target. Material for marking holes in the target was suppliew to the target
Srew.

Docmine: 3 i Date- Obs.
Tumt -1 yd Howur:
4 H I ] t I T ! T
Firing: - .
Armmo: ___ — -
{
Speed ______ _]
Range: [~ —%-— —~
I S W Lo
! ! ] ] T ! ] | i !
!
Ammo: ____ .?
Speed: ____ - ‘ —
]
Fange: . — _—Ji—- -
i
' »
i i i ! ! | |
Fig. C1—Farm for Qbserver Sensing
80 RAC-T-459
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TABLE 1
Order of Dota Collection

Firing Gunner numbor._ Torg;t Target ronge Direction of
auvinber HEP APDS w:;h' HEP APDS target movement
Stondord Lead Doctrine

i 2 3 10 N® rb LR

2 ) i 5 ¥ N le—R

3 3 2 10 F N L<1R

4 2 3 15 F N R

5 1 4 S N F [ R
6 3 2 15 N F lse=R

v ° 1 5 N K | =i
§ 4 3 15 N F l.—R
9 3 3 10 N F I =R
16 4 3 10 I N L—-R
8 3 1 15 F N LL—R
12 i 2 5 F N L.—»R
13 k) 1 15 F N IR
14 3 2 5 N K IR
15 ! 4 15 N F LR
16 4 1 10 N © <R
17 1 4 10 F N LR
18 2 3 5 i N [<~R
19 1 2 15 F N I.~=R
20 2 1 10 F N LR
21 1 2 10 N F L—1
22 3 4 5 F N L.-=R
23 4 3 5 N F L—+R
24 2 1 18 N F L—R

Modificd Lead Doctsine

25 7 ¢ 10 F N <R
26 6 7 10 N F <R
2 S 3 5 A F <K
23 6 7 15 K N L+ R
2 8 5 5 F N l~—R
30 7 ¢ 15 N F L+R
31 8 7 15 N F L—R
32 7 8 10 N F L-—+=R
33 7 8 15 F N [.—R
34 6 5 5 N F [.—R
35 8 7 10 F N ILL—=R
36 ) 5 5 F N i.~R
ke 7 6 5 N F l+~R
2 9 7 5 F N LR
39 8 5 10 N F =R
Bty 8 3 15 F N f=-R
41 5 8 15 N F f.=-R
32 5 8 10 F N L.+« R
43 6 5 15 N F I,—R
44 8 7 5 N F L—R
45 5 5 10 N F L—=1
46 7 8 5 K N L.—R
47 5 6 15 F hY .=~}
42 6 5 10 F N L—+=R

BNee: range, 730 m,
h Far range, 1650 m.

RAC-T-452
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a. Sight picture for 1 lead chead of b.
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a moving target ot 1000-m (yd)

rcnge.

Fig. C2—illustration of Leading Moving Targets (Ref 2, p 130)

Sight picture for 1 lead chead of

same moving target ot 2000-m
(yd) range. Torget appeers
smoller due to grecter ronge,

but lead is ths some.

If the gunner fires a round with the gun dimed directly ot @ moving target, the target
will move out of the path of the projectile, causing it tc miss the target. To compen-

sate for this movement, the gun is oimed chead of the target so the projectile and

target will meet. This technique is called leading. The gunner meosures lead by
use of tha lead lines on the reticle of his direct-fire sight. One lead equals 5 mils
ond is meosured from the center of vulnerability.

REQUIRED LEAD

Torget Moving Lsft to Right (—)
7%-m Ronge 1650-m Ronge
Speed (mph)} HEP APDS AEP APDS
5 ¥ 0 % 0
10 % % 1% %
15 2 1 2 1
REQUIRED LEAD
Target Moving Right to Left («+—)
730-m Ronge 1650-m Ronge
Speed (mph)§ HEP APDS HEP APDS
5 % 0 1 0
10 % % 2 Y%
15 2 ] 2% 1

Fig. C3—Tabies of Required L.eads, Supplied to Users
of Modified Lead Doctrine

SECREY
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.
Torget Dota Collection Form Date:
€ > i Miss Distonce
gl 2] e s3] |2l iy (Feet)
u.= ® £ 53] & 3 2 < Remarks
fa) < |- & | Hit [Miss] O Hor. Vert.
L}
8
© e
Fig. C4—Data Form for Pit Personne!
)
H -
v
RAC-T-459 63
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